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Description 
[UNDER BUIVIP METALLURGY LAYER] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92106131, filed March 20, 2004. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to an under bump metal- 
lurgy layer and a flip chip structure with the under bump 
metallurgy layer. More particularly, the present invention 
relates to an under bump metallurgy layer providing ex- 
cellent attachment between the bonding pad of the chip 
and the bump, and the flip chip structure adopting the 
aforementioned under bump metallurgy layer. 

[0004] Description of Related Art 

[0005] At present, the market of multimedia applications rapidly 
expands. The integrated circuit (IC) packaging needs to be 
improved following the developing trends of electronic 



devices such as digitalization, network localization, and 
user friendliness. In order to meet the above require- 
ments, electronic devices must have multiple functions 
and high integration and maintain high operating speed, 
miniaturization, lightweight, and low cost. High-density 
packages, such as ball grid arrays (BGAs), chip scale pack- 
ages (CSPs), flip chips (F/C), and multi-chip modules 
(MCMs) have been developed. 

[0006] jhe flip chip interconnect technology used in the flip 
chips can be summarized as follows. A plurality of pads 
are arranged on the active surface of the chip (die) in ar- 
rays and bumps are formed on the pads with the under 
bump metallurgy layer therebetween. The chip is face- 
down bonded (flipped) to contacts of the substrate or the 
printed circuit board (PCB) via bumps. Since the flip chip 
technology has the advantages of achieving the high den- 
sity of minimizing the package region and shortening the 
signal transmission path, the flip chip technology has 
been widely applied to high pin count chip packages. 

[0007] Figure 1 is a cross-sectional view of a prior flip chip 

structure. Referring to Fig. 1, the clip chip 100 includes a 
chip 110, an under bump metallurgy (UBM) layer 120 and 
a plurality of bumps 130 (with only one bump shown). The 



chip 110 has an active surface 112, a passivation layer 
114 and a plurality of bonding pads 116 (with only one 
pad shown) on the active surface. The UBM layer 120 is 
arranged between the bump 130 and the bonding pad 
116 and between the bump 130 and the passivation layer 
114, as an interface for connection. 

[0008] Due to the soldering characteristics of tin (Sn) or tin-lead 
alloy, tin or tin-lead alloy is usually used as a solder ma- 
terial for the bumps 130. In order to reduce pollution to 
the environments, lead free solder has been developed. 
However, the solder materials used still include tin, re- 
gardless lead containing or lead free solder materials. 

[0009] jhe UBM layer 120 includes an adhesion layer 122, a bar- 
rier layer 124, and a wetting (solder) layer 126. The adhe- 
sion layer 122 can improve adhesion between the bonding 
pad 116 and the barrier layer 124. The barrier layer 124 
can act as a barrier against diffusion reaction of bumps 
130. The wetting layer 126 can increase the attachment of 
the UBM layer 120 to the bumps 130. 

[0010] It is noted that metal in the wetting layer 126 of the UBM 
layer 120 will react with tin in the bumps 130 to form 
SnCu inter-metallic compounds (IMC), if the wetting layer 
126 is a copper layer. Moreover, tin may further diffuse 



into the barrier layer 124 and reacts witli Ni-V alloy to 
form SnNi inter-metallic compounds, which are in the 
form of incontinuos clots. If the adhesion layer is made of 
aluminum, because the adhesion between the SnNi inter- 
metallic compounds and the Al layer is poor, the bumps 

are easily peeled from the interface. 
Summary of Invention 

[0011] Accordingly, the present invention provides an under 

bump metallurgy (UBM) layer, which can decrease the for- 
mation rate of the inter-metallic compounds. 

[0012] The present invention provides a flip chip structure, which 
has excellent adhesion between the bonding pads and the 
bumps. 

[0013] As embodied and broadly described herein, the invention 
provides an under bump metallurgy (UBM) layer, which 
can improves adhesion between the bonding pads and the 
bumps, especially for the tin-containing bumps. The UBM 
layer includes an adhesion layer, a barrier layer, and a 
wetting-barrier layer. The adhesion layer is disposed on 
the bonding pads, while the barrier layer is disposed on 
the adhesion layer. The wetting-barrier layer is arranged 
between the barrier layer and the bumps, and the materi- 
als for forming the wetting-barrier layer include nickel 



metal, for example. 

[0014] As embodied and broadly described herein, the invention 
provides a flip chip structure, comprising a chip, an UBM 
layer and at least a bump. The chip includes an active sur- 
face, a passivation layer and a plurality of bonding pads 
arranged on the active surface. The passivation layer ex- 
poses the bonding pads. The UBM layer includes an adhe- 
sion layer, a barrier layer, and a wetting-barrier layer. The 
adhesion layer is disposed on the bonding pads, while the 
barrier layer is disposed on the adhesion layer. The wet- 
ting-barrier layer is arranged between the barrier layer 
and the bumps, and the materials for forming the wet- 
ting-barrier layer include nickel metal, for example. The 
bump is arranged on the wetting-barrier layer, and the 
materials for forming the bump include tin, for example. 

[0015] As embodied and broadly described herein, the material 
for forming the adhesion layer of the present invention is 
selected from the following group consisting of titanium, 
titanium-tungsten alloy, chromium, titanium nitride, tan- 
talum nitride, tantalum, aluminum and copper. If the 
bonding pad is made of aluminum, the material for form- 
ing the adhesion layer of the present invention is selected 
from the following group consisting of titanium, titanium- 



tungsten alloy, chromium, titanium nitride, tantalum ni- 
tride, tantalum and aluminum. If the bonding pad is made 
of copper, the material for forming the adhesion layer of 
the present invention is selected from the following group 
consisting of titanium, titanium-tungsten alloy, 
chromium, titanium nitride, tantalum nitride, tantalum, 
and copper. In addition, the material of the barrier layer is 
nickel-vanadium alloy. 
[0016] As embodied and broadly described herein, an anti- 
oxidation layer may be arranged on the wetting-barrier 
layer. The anti-oxidation layer is made of gold (Au), for 
example. 

[0017] Because the tin-containing bumps are joined with the 
nickel metal layer, the diffusion reaction of tin from the 
bumps is attenuated and the formation rate of the inter- 
metallic compounds is decreased. Therefore, the adhesion 
strength between the bumps and the bonding pads re- 
mains satisfactory for a long time and the life of the flip 
chip structure is extended. 

[0018] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 



Brief Description of Drawings 

[0019] The accompanying drawings are included to provide a 

further understanding of tlie invention, and are incorpo- 
rated in and constitute a part of tiiis specification. Tlie 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0020] Fig. 1 is a cross-sectional view of a prior flip chip struc- 
ture. 

[0021] Figure 2 is a cross-sectional view of a flip chip structure 
according to one preferred embodiment of the present in- 
vention. 

[0022] Figure 3 is a cross-sectional view of a flip chip structure 

according to another preferred embodiment of the 

present invention. 
Detailed Description 

[0023] Figure 2 is a cross-sectional view of a flip chip structure 
according to one preferred embodiment of the present in- 
vention. Referring to Fig. 2, the clip chip 200 includes a 
chip 210, an under bump metallurgy (UBM) layer 220 and 
a plurality of bumps 230 (with only one bump shown). The 
chip 210 has an active surface 212 with active devices 



thereon, a passivation layer 214 and a plurality of bonding 
pads 216 (with only one pad shown) on the active surface. 
The passivation layer 214 is disposed on the active sur- 
face 212 of the chip 210. For the bonding pad 216, the 
passivation layer 214 covers a peripheral portion of the 
bonding pad 216 and exposes the central portion of the 
bonding pad 216. The material of chip 210 can be any 
semiconductor materials including silicon, germanium, 
silicon germanium, gallium arsenide, gallium phosphide, 
indium arsenide, and indium phosphide. The materials for 
forming the passivation layer 214 can be inorganic com- 
pounds, for example, silicon oxide, silicon nitride, phos- 
phosilicate glass (PSG). The passivation layer 214 can be a 
composite layer made of the aforementioned materials or 
mixtures thereof. The bonding pad 216 can be an alu- 
minum pad, a copper pad or an Al-Cu alloy pad, for ex- 
ample. The UBM layer 220 is arranged between the bump 
230 and the central portion of the bonding pad 216 and 
between the bump 230 and the passivation layer 214 on 
the bonding pad 216, as an interface for connection. 
[0024] The materials of the bump 230 can be tin or tin-lead al- 
loy, for example. Of course, the bump 230 can also be 
made of lead free solder, for example, tin-copper (Sn-Cu) 



alloy, tin-antimony (Sn-Sb) alloy, tin-bismuth (Sn-Bi) al- 
loy, tin-indium (Sn-ln) alloy, tin-zinc (Sn-Zn) alloy, tin- 
silver (Sn-Ag) alloy, tin-bismuth-silver alloy, tin- 
bismuth-antimony alloy, tin-bismuth-zinc alloy, tin- 
bismuth-indium alloy or tin-silver-copper alloy. It is 
noted that the present invention provides the UBM layer 
for the tin-containing bumps, for reducing the formation 
rate of the inter-metallic compounds. 
[0025] Referring to Fig. 2, the UBM layer 220 includes an adhe- 
sion layer 222, a barrier layer 224, and a wetting-barrier 
(solder) layer 226. The adhesion layer 222 is disposed on 
the bonding pad 216, and the material for forming the 
adhesion layer 222 is selected from the following group 
consisting of titanium (Ti), titanium-tungsten (Ti-W) alloy, 
chromium (Cr), titanium nitride (TIN), tantalum nitride 
(TaN), tantalum (Ta), aluminum (Al), copper (Cu) and mix- 
tures thereof. The adhesion layer 222 can also be a com- 
posite layer made of the aforementioned materials. If the 
bonding pad 216 is made of aluminum, the material for 
forming the adhesion layer 222 is selected from the fol- 
lowing group consisting of titanium, titanium-tungsten 
alloy, chromium, titanium nitride, tantalum nitride, tanta- 
lum and aluminum. If the bonding pad 216 is made of 



copper, the material for forming the adhesion layer 222 is 
selected from the following group consisting of titanium, 
titanium-tungsten alloy, chromium, titanium nitride, tan- 
talum nitride, tantalum, and copper. The adhesion layer 
222 can improve adhesion between the bonding pad 216 
and the barrier layer 224. The adhesion layer 222 can be 
formed by, for example, sputtering or electroplating/chemi- 
cal plating. 

[0026] jhe barrier layer 224 is disposed on the adhesion layer 
222. The material of the barrier layer 224 is nickel- 
vanadium (Ni-V) alloy. The barrier layer 224 can be 
formed by, for example, sputtering or electroplating/chemi- 
cal plating. 

[0027] The wetting-barrier layer 226 is disposed between the 

barrier layer 224 and the bump 230, for increasing the at- 
tachment of the UBM layer 220 to the bumps 230. The 
wetting-barrier layer 226 contains nickel and can be 
formed by, for example, sputtering or electroplating/chemi- 
cal plating. In order to make the attachment of UBM layer 
220 to the bumps 230 more reliable, the thickness of the 
wetting-barrier layer may larger than the adhesion layer 
or the barrier layer. If the wetting-barrier layer is thick 
enough, it may be a wetting-barrier post. For example, a 



nickel post disposed on tlie barrier layer may be provided. 

[0028] In summary, the UBM layer 220 of the present invention 
can be a composite layer of a Ti/Ni-V alloy/Ni layer, a Ti- 
W alloy/Ni-V alloy/Ni layer, a Cr/Ni-V alloy/Ni layer, a 
TIN/NI-V alloy/Ni layer, a TaN/Ni-V alloy/Ni layer, a Ta/ 
Ni-V alloy/Ni layer, a Al/Ni-V alloy/Ni layer, or a Cu/Ni-V 
alloy/Ni layer, for example. 

[0029] It is noted that nickel atoms in the wetting-barrier layer 
226 of the UBM layer 220 react slowly with tin atoms in 
the bumps 230, as the wetting-barrier layer 226 contains 
a nickel layer. Therefore, diffusion of the tin atoms in the 
bump 230 is lessened and the wetting effect between the 
UBM layer 220 and the bump 230 is maintained. As a re- 
sult, the bonding (adhesion) strength between the bump 
230 and the bonding pad 216 is increased, thus extend- 
ing the life of the flip chip structure 200. 

[0030] Figure 3 is a cross-sectional view of a flip chip structure 
according to another preferred embodiment of the 
present invention. Referring to Fig. 3, the UBM layer 220 
of the flip chip structure 200 further an anti-oxidation 
layer 228. The UBM layer includes the adhesion layer 222, 
the barrier layer 224, the wetting-barrier layer 226 and 
the anti-oxidation layer 228. The same reference numbers 



cited in Fig. 2 represent tlie same elements in Fig. 3 and 
will not be described here in details. The anti-oxidation 
layer 228 is disposed on the wetting-barrier layer 226. 
The material of the anti-oxidation layer 228 is gold (Au), 
for example. Because the anti-oxidation layer 228 isolates 
the wetting-barrier layer from the outer environments, no 
native oxide layer is formed on the wetting-barrier layer 
226, before the UBM layer 220 is bonded to the bump 
230. Therefore, no extra step is required for removing the 
native oxide layer, thus shortening the processing time for 
the formation of bumps. 

[0031] In conclusion, the present invention has the following ad- 
vantages: 1. As the wetting-barrier layer contains a nickel 
layer, nickel atoms in the wetting-barrier layer of the UBM 
layer react slowly with tin atoms in the bumps, thus slow- 
ing down the formation rate of the inter-metallic com- 
pounds. 2. Because the anti-oxidation layer protects the 
wetting-barrier layer, no native oxide layer is formed on 
the wetting-barrier layer. No extra step is required for re- 
moving the native oxide layer, thus shortening the pro- 
cessing time for the formation of bumps. 

[0032] It vvill be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 



of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



